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 Introduction:  Relative to the prior manned 
Apollo and unmanned robotic missions, planned Lunar 
initiatives are comparatively complex and longer in 
duration.  Individual crew rotations are envisioned to 
span several months, and various surface systems must 
function in the Lunar environment for periods of years 
[1].  As a consequence, an increased understanding of 
the surface environment is required to engineer and test 
the associated materials, components, and systems nec-
essary to sustain human habitation and surface opera-
tions. 
 One such environmental factor is the fine fraction 
of surface regolith, generally referred to as Dust.  The 
problematic nature of this material is widely discussed, 
appearing early on in the crew logs of Apollo astro-
nauts [2].  Subsequent analyses have described both the 
details and mechanisms of degradation resulting from 
dust deposition and interactions [3].   Anticipating the 
need for a variety of dust resistant technologies, both 
NASA and the private sector have initiated a number of 
programs aimed at meeting this objective.  These ef-
forts span a host of considerations, ranging from basic 
properties of materials, to complex mechanical, ther-
mal, fluidic, and optical systems.  Also being addressed 
are the fundamental aspects of the Lunar environment 
that influence the charging, transport, and deposition of 
fine particulates. 
 By definition, these initiatives must also consider 
the intrinsic properties of the dust itself.  This includes 
physical attributes (e.g. size and shape distributions), as 
well as structure and composition.  The bulk of existing 
knowledge obtained from Lunar returned samples per-
tains to the larger, super-micron fraction.  Many prop-
erties are observed to correlate with particle size, so the 
extensibility of these measured properties to the 
smaller dust fraction remains largely unresolved. 
 Given the relatively small quantities of actual Lu-
nar samples, the collective demands for testing the per-
formance of flight components and systems must be 
largely accommodated through the use of regolith 
simulants.  A number of simulant materials were de-
rived in support of the Apollo program, and remain 
useful in many aspects.  However, the increased de-
mands of longer, more complex missions require simu-
lants of higher fidelity.  In turn, this situation drives the 
need for a more thorough characterization of Lunar 
regolith itself, particular for the smallest size fractions 
where many properties remain largely outstanding. 
 The effort described here concerns the analysis of 
existing simulant materials, with application to Lunar 
return samples.  The interplay between these analyses 
fulfills the objective of ascertaining the critical proper-
ties of regolith itself, and the parallel objective of de-
veloping suitable stimulant materials for a variety of 
engineering applications.  Presented here are measure-
ments of the basic physical attributes, i.e. particle size 
distributions and general shape factors.  Also discussed 
are structural and chemical properties, as determined 
through a variety of techniques, such as optical micros-
copy, SEM and TEM microscopy, Mossbauer Spec-
troscopy, X-ray diffraction, Raman micro-
spectroscopy, inductively coupled argon plasma emis-
sion spectroscopy and energy dispersive X-ray fluores-
cence mapping.  A comparative description of cur-
rently available stimulant materials is discussed, with 
implications for more detailed analyses, as well as the 
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